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DESCRIPTION 

Gas Detection Method and Gas Detection Apparatus 

5 Technical Field 

[000 1] The present invention relates to a gas detection method in which the 
target gas is detected while oxygen is supphed to a sensor element of a metal 
oxide-type gas sensor, and to a gas detection apparatus equipped with a metal 
oxide-t3T?e gas sensor and an oxygen supply means for supplying oxygen to a 
10 sensor element of this metal oxide-type gas sensor. 
Background Art 

[0002] A gas chromatograph that analyzes a target gas after separating it 
into a plurahty of component gases is known, for example, as such a gas 
detection apparatus. A metal oxide^ts^pe gas sensor is also known as a 

15 sensor for quantitatively detecting the component gas that is to be analyzed. 
With this kind of metal oxide "type gas sensor, an oxygen supply means for 
supplying oxygen to the sensor element is provided for cleaning the sensor 
element of the gas sensor, and the component gas is detected while oxygen is 
supplied from the oxygen supply means to the sensor element (see Patent 

20 Document 1, for example). 

Patent document i: JP 2001-165828 A 

Disclosure of Invention 

Problem to be Solved by the Invention 

[0003] The inventors conducted research aimed at improving the sensitivity 
25 and response of a metal oxide-type gas sensor such as that described in the 
above-mentioned patent document, and arrived at the present invention as 
the result of various and repeated experiments. Therefore, it is an object of 
the present invention to improve on conventional gas detection methods and 
apparatus and thereby provide a gas detection method and detection 
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apparatus with better sensitivity and faster response than conventional gas 
detection methods and apparatus. 
Means for Solving Problem 

[0004] The first characteristic constitution of the present invention is a gas 
5 detection method in which the target gas is detected while oxygen is supplied 

to a sensor element of a metal oxide-type gas sensor, wherein the target gas is 

detected while water vapor is supplied to the sensor element. 

With the first characteristic constitution of the present invention, the 

target gas is detected while water vapor is suppUed to a metal oxide-type gas 
10 sensor in addition to oxygen being suppUed to this sensor element, so, as will 

be clear from the e3q)eriment results discussed below, the recovery after 

response to the target gas ds faster, and as a resiilt sensitivity is also 

improved, making it possible to detect the target gas at better sensitivity and 

faster recovery than with conventional methods. 
15 [0005] The second characteristic constitution of the present invention is the 

above-mentioned gas detection method, wherein the target gas is a 

component gas separated in a separation column. 

[0006] With the second characteristic constitution of the present invention, 
since the target gas is a component gas that has been separated in a 
20 separation column, even when the target gas includes a pluraUty of 
component gases, the various component gases can be accurately detected 
with good sensitivity and fast response. 

[0007] The third characteristic constitution of the present invention is a gas 
detection apparatus equipped with an oxygen supply means for supplying 
25 oxygen to a sensor element of a metal oxide-type gas sensor, provided with a 
water vapor supply means for supplying water vapor to the sensor element. 
[0008] With the third characteristic constitution of the present invention, in 
addition to an oxygen supply means for supplying oxygen to a sensor element 
of a metal oxide-type gas sensor, there is also provided a water vapor supply 
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means for supplying water vapor to this sensor element. This constitution 
affords faster response to the target gas, as will be dear from the experiment 
results discussed below. As a result, detection is possible with better 
sensitivity and faster recovery than with conventional apparatus. 
5 [0009] The fourth characteristic constitution of the present invention is the 
above-mentioned gas detection apparatus, wherein humidified oxygen is 
obtained by using water vapor suppUed firom the water vapor supply means 
to humidify oxygen supphed from the oxygen supply means, and this 
humidified oxygen is supplied to the sensor element. 

10 [00 10] With the foxulh characteristic constitution of the present invention, 
humidified oxygen is obtained by using water vapor suppUed from the water 
vapor supply means to humidify oxygen suppUed fixim the oxygen supply 
means. Since this humidified oxygen is supphed to the sensor element, the 
water vapor concentration can be kept stable more easily. It is also easier to 

15 maintain the ratio in which the water vapor and oxygen are suppUed, and not 
only are the sensitivity and fast recovery after response to the target gas 
maintained even more reUably, but it is also possible to simplify the tubing 
system as compared to when the oxygen and water vapor are suppUed by 
separate tubing systems, for example. 

20 [00 11] The fifth characteristic constitution of the present invention is the 
above-mentioned gas detection apparatus, wherein the himiidified oxygen is 
obtained through oxygen suppUed firom the oxygen supply means into water 
used for producing water vapor and stored in the water vapor supply means. 
[0012] With the fifth characteristic constitution of the present invention, 

25 since the humidified oxygen is obtained through oxygen suppUed from the 
oxygen supply means into water used for producing water vapor and stored in 
the water vapor supply means, humidified oxygen can be reUably produced by 
an extremely simple and inexpensive constitution, which reduces the cost of 
the entire apparatus. 



[0013] The sixth characteristic constitution of the present invention is the 
ahove-mentioned gas detection apparatus, wherein the relative humidity of 
the oxygen in the hvimidified oxygen is at least 40%. 

[0014] With the sixth characteristic coiistitution of the present invention, 
5 since the relative humidity of the oxygen in the humidified oxygen is at least 
40%, the required amoimts of oxygen and water vapor are reUably supplied to 
the sensor element of the metal oxide^type gas sensor, and the desired fast 
response and good sensitivity can be reUably obtained. 

[0015] The seventh characteristic constitution of the present invention is the 
10 above-mentioned gas detection apparatus, wherein the relative humidity of 
the oxygen in the humidified oxygen is firom 40 to 80%. 

[0016] With the seventh characteristic constitution of the present invention, 
since the relative hiunidity of the oxygen in the humidified oxygen is fix)m 40 
to 80%, the required amounts of oxygen and water vapor are reUably supplied 

15 to the sensor element of the metal oxide-type gas sensor, and the desired fast 
recovery and good sensitivity can be more reliably obtained. 
[0017] The eighth characteristic constitution of the present invention is the 
above-mentioned gas detection apparatus, wherein the humidified oxygen is 
supphed to the sensor element at a substantially constant flow per unit of 

20 time diudng the gas detection operation performed by the metal oxide-type 
gas sensor. 

[0018] With the eighth characteristic constitution of the present invention, 
since the humidified oxygen is suppHed to the sensor element at a 
substantially constant flow per unit of time during the gas detection 
25 operation performed by the metal oxide-type gas sensor, the desired fast 
recovery and good sensitivity can be maintained during the gas detection 
operation, affording reliable detection. 

[0019] The ninth characteristic constitution of the present invention is the 
above-mentioned gas detection apparatus, wherein the gas detection 
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apparatus is equipped with a separation column for separating the target gas 
into a plurality of component gases, and the target gas detected by the metal 
oxide-type gas sensor is a component, gas that has been separated by this 
separation column. 

5 [0020] TA^th the ninth characteristic constitution of the present invention, 
since the gas detection apparatus is equipped with a separation column for 
separating the target gas into a plurality of component gases, and the target 
gas detected by the metal oxide-type gas sensor is a component gas that has 
been separated by this separation column, even when the target gas includes 

10 a plurahty of component gases, the various component gases can be 
accurately detected with good sensitivity and fast recovery. 
[0021] The tenth characteristic constitution of the present invention is the 
above-mentioned gas detection apparatus, wherein the component gas and 
the humidified oxygen are suppUed separately in substantially the same 

15 direction to the sensor element. 

[0022] With the tenth characteristic constitution of the present invention, 
because the component gas and the humidified oxygen are suppHed 
separately in substantially the same direction to the sensor element, unlike 
when the component gas and the humidified oxygen are suppUed separately 

20 fix)m different directions, for example, there is no dilution or dispersion of the 
component gas due to mixing of the component gas and the humidified 
oxygen. Therefore, the component gas can be more reliably detected by the 
sensor element. 

Best Mode For Carrying Out The Invention 
25 [0023] Embodiments of the gas detection method and detection apparatus 
pertaining to the present invention will be described through reference to the 
drawings. 

As shown in FIG. 1, a gas chromatograph GC, which is an example of 
a gas detection apparatus, comprises a control imit 1, a sample injection 
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component 2, a separation column 3, a detection component 4, a data 
processor 5, and so forth. 

The gas chromatograph GC is also provided with a gas cylinder 6 for 
supplying a carrier gas CG. This gas cylinder 6 is filled with heUum, N2, or 
5 another such inert gas (with an oxygen content, as the partial pressure ratio, 
of 0.1% or less) as the carrier gas CG. The apparatus is designed so that the 
carrier gas CG is suppUed fix)m the gas cylinder 6 to the control unit 1 of the 
gas chromatograph GC. 

[0024] The flow and pressure of the carrier gas CG supphed from the gas 

10 cylinder 6 are adjusted by the control unit 1 before the gas reaches the 
sample injection component 2. A sample S (the target gas) is vaporized by 
the sample injection component 2 and injected into the carrier gas CG, then 
transported by the carrier gas CG (mobile phase) to the separation column 3. 

While the sample S in the carrier gas CG is moved through the 

15 separation column 3, it is separated into a pluraUty of component gases SG 
through interaction with the stationary phase, such as adsorption/desorption 
or two-phase partition. The various component gases SG thus separated are 
quantitatively detected by the detection component 4. The data processor 5 
produces a gas chromatogram on the basis of these detection results. 

20 [0025] As shown in FIG. 2, the detection component 4 is made up of a 
connecting portion 7, a reaction gas supply portion 8, and a sensor portion 9. 
In this embodiment, these three constituent portions 7, 8, and 9 are formed 
separately from each other but linked to each other by being fitted or 
threaded together. In another embodiment, these three constituent portions 

25 7, 8, and 9 can be constituted integrally. 

The connecting portion 7 is equipped with a through-hole 7a that 
passes through in the lengthwise direction. A capillary column 10 of the gas 
chromatograph GC that is inserted through this through-hole 7a goes 
through a supply chamber 8a of the reaction gas supply portion 8 and opens 
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into a sensor chamber 9a of the sensor portion 9. Thus, the various 
component gases SG and the carrier gas CG that have passed through the 
separation column 3 are introduced directly into the sensor chamber 9a of the 
sensor portion 9. 

5 [0026] A metal oxide -type semiconductor gas sensor 11 (the metal oxide- type 
gas sensor) is attached to the sensor portion 9, and a sensor element 11a of 
this semiconductor gas sensor 11 is disposed in the sensor chamber 9a in a 
state of being across from an opening in the capillary column 10. 

A reaction gas introduction tube 12 is connected to the reaction gas 

10 supply portion 8. Humidified oxygen HO, that is oxygen gas that has been 
humidified by water vapor (as will be described in detail below), is introduced 
from this reaction gas introduction tube 12 into the supply chamber 8a, and 
then flows aroimd the outer periphery of the capillary column 10 and to the 
sensor element 11a side. As a result, the component gases SG supplied from 

15 the capillary column 10 and the humidified oxygen HO suppUed from the 
reaction gas introduction tube 12 are separately suppUed in substantially the 
same direction to the sensor element 11a. 

[0027] Thus, the component gases SG and the carrier gas CG suppUed irom 
the separation column 3 are suppUed through the capillary column 10 to the 

20 sensor element 11a, and the humidified oxygen HO is suppUed firom outside 
the capiUary column 10 to the sensor element 11a. As a result, the 
component gases SG are suppUed to the sensor element 11a without being 
diluted by the humidified oxygen HO , and without being widely dispersed 
within the sensor chamber 9a. 

25 Therefore, reUable detection is possible with the metal oxide-type 

semiconductor gas sensor 11. It is preferable here for the opening in the 
capiUary column 10 to be moved as close as possible to the sensor element 11a, 
and for the gap between the two to be set to about 1 to 5 mm. 
[0028] Furthermore, the capiUary coliunn 10 is disposed on the center, line of 



the cylindrical sensor chamber 9a, and the sensor element 11a is disposed on 
this same center line. Therefore, after the component gases SG leaving the 
capillary column 10 are suppUed to the sensor element 11a, they quickly 
leave the sensor element 11a, without standing near the sensor element 11a. 
5 This affords faster recovery after gas detection response. 

The signal from the metal oxide-type semiconductor gas sensor 11, 
such as a change in the current or the electrical resistance, is processed by 
the data processor 5, and the above-mentioned gas chromatogram is 
produced. 

10 [0029] The himiidified oxygen H O is produced by a humidified oxygen 
generator 13, for example. This humidified oxygen generator 13 is made up 
of an oxygen supply means for supplying oxygen to the sensor element 11a, 
which is joined to a water vapor supply means for supplying water in a 
gaseous state (that is, water vapor) to the sensor element 11a. 

15 The oxygen supply means is constituted by an oxygen supply tube 14 

that supphes oxygen, or air containing oxygen. The water vapor supply 
means 15 is constituted by a container 16 that holds water W for producing 
water vapor and that is equipped with a heater (not shown), and a water 
vapor supply tube 17 that commimicates with this container 16. A bubbler 

20 14a attached to the distal end of the oxygen supply tube 14 is inserted into 
the water W used to produce water vapor, and generates air bubbles (the 
humidified oxygen HO) when the oxygen suppHed firom the oxygen supply 
tube 14 is discharged into the water via the bubbler 14a. This humidified 
oxygen HO is introduced into the supply chamber 8a via the water vapor 

25 supply tube 17 and the reaction gas introduction tube 12. 

[0030] This humidified oxygen generator 13 produces, for example, 
humidified oxygen HO in which the relative humidity of the oxygen is at 
least 40%, and preferably fi:om 40 to 80%. This humidified oxygen HO is 
set to be suppUed to the sensor element 11a of the metal oxide-tjrpe 
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semiconductor gas sensor 11 at a substantially constant flow per unit of time 
during at least the gas detection operation performed by the metal oxide-type 
semiconductor gas sensor 11. 

However, the humidified oxygen HO does not necessarily have to be 
5 supplied to the sensor element 11a, and it is also possible to employ a 
configuration in which, for example, the oxygen supply tube 14 and the water 
vapor supply tube 17 are separately connected to the supply chamber 8a, and 
oxygen and water vapor are separately suppUed to the sensor element 11a. 
[0031] An actual gas analysis experiment was conducted using the gas 
10 chromatograph GC to confirm the effect of the present invention, and an 
experiment example and comparative example thereof will be discussed here. 

The analysis experiment in the experiment example and comparative 
example was conducted in both cases at a room temperature of approximately 
25°C, and more specifically, at a temperature of 20 to 30°C, and in the 
15 experiment example, the relative humidity of the oxygen in the humidified 
oxygen HO was set to a range of 40 to 80%. 

In the experiment example and comparative example, a solution that 
contained about 5 ppm of each of seven components, namely, hexanol, isoamyl 
acetate, 2-octanone, trimethylpyrazine, Hmonene, 1-octanol, and dibutyl 
20 sulfide, was produced as the sample S. The solution (l p.L) was separated in 
a separation column with an inside diameter of 0.32 mm at a spHt ratio of 
approximately 1^7. 
[0032] Experiment Example 

In the experiment example, in the analysis of the above-mentioned 
25 sample, the flow of the carrier gas CG was set to approximately 2 mL/minute, 
and the flow of humidified oxygen HO obtained by humidifying oxygen gas 
was set to approximately 10 mU minute. 

The results are given in FIG. 3, in which the vertical axis is the 
sensor output (microvolts* \iV), and the horizontal axis is time (minutes). 
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[0033] Comparative Example 

In the comparative example, in the analysis of the above-mentioned 
sample, the flow of the carrier gas CG was set to approximately 2 mL/minute, 
just as in the experiment examples. However, the oxygen gas was not 
humidified, and analysis was conducted with the flow of unhumidified oxygen 
gas set to approximately 10 mL/minute. 

The results are given in FIG. 4, in which the vertical axis is the 
sensor output (microvolts' p.V), and the horizontal axis is time (minutes). 
The vertical and horizontal axes are both set to the same scale as in FIG. 3. 
[0034] If we compare the fifth peak (Umonene), for example, in the 
experimental example and comparative example, we see that the time from 
the start of detection to the end of detection is Tl in the experiment example, 
and T2 in the comparative example, and it is clear that Tl is shorter. 

If the time fi-om the start of detection to the end of detection is shorter, 
this means that the recovery after response will be correspondingly faster. 
In addition, this means that rehable detection will be possible even if there is 
a peak for another component gas immediately after the fifth peak, for 
example. Therefore, the results of the experiment example and comparative 
example confirm that supplsdng oxygen and water vapor to the sensor 
element of a metal oxide-type gas sensor greatly improves the response and 
sensitivity as compared to when just oxygen is supplied. 
Industrial Applicability 

[0035] The present invention is equipped with a metal oxide-type gas sensor, 
and can be utilized in gas chromatography or the like in which a target gas is 
detected while oxygen is supphed to the sensor element of the metal 
oxide-t3^e gas sensor. 
Brief Description of the Drawings 

[0036] FIG. 1 is a diagram of the overall configuration of a gas detection 
apparatus; 
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FIG. 2 is a diagram illustrating the detection component and 
humidified oxygen generator of the gas detection apparatus; 

FIG. 3 is a graph of gas chromatography, showing the results of an 
e^qperiment example! and 

FIG. 4 is a graph of gas chromatography, showing the results of a 
comparative example. 
Key: 

[0037] 3 separation column 

11 metal oxide~type semiconductor gas sensor 
11a sensor element 

14 oxygen supply means (oxygen supply tube) 

15 water vapor supply means 
GC gas detection apparatus 
SG component gas 

W water for producing water vapor 
HO humidified oxygen 



